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The levels of de novo DNA methyltransferase were studied during the development of a mealybug, PIanococcus lilacinus. 
No enzyme activity could be detected in extracts from second instar females. But the enzyme occurs at high levels in 
third instar females and is maintained at that level during fourth instar when gametogenesis, fertilization and chromo- 
some imprinting occur. These results suggest a developmental stage-specific modulation of levels of DNA methyltrans- 
ferase. Assays with synthetic polymers showed that the enzyme can methylate not only polymers containing GpG but 
also those containing CpA and CpI. 
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1. INTRODUCTION 
Genetic analysis of certain insect species has 
defined a chromosomal phenomenon termed ‘im- 
printing’. This refers to the remarkable property of 
particular chromosomes or entire sets of chromo- 
somes to ‘remember’ their parental origin [l]. The 
term was first used by Crouse [l] to indicate the 
differential behaviour of homologous chromo- 
somes in Sciara. Brown and collaborators studied 
this phenomenon in mealybugs and other coccids 
(Coccoidea; Homoptera; Insecta) [2]. The use of 
this term was extended to the problem of mam- 
malian X inactivation by Brown and Chandra [3] 
who defined it as ‘a process by which one of two 
genetically homologous chromosomes is predeter- 
mined to function differently from the other at a 
subsequent stage in development’. In PIanococcus 
lilacinus, as in other species of mealybugs, there is 
a close correlation between inactivation of a 
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haploid set of chromosomes and maleness. In 
sexually-reproducing mealybugs and other 
Lecanoid coccids the paternal set of chromosomes 
is imprinted and inactivated in embryos which 
develop to be males [4]. There are several ines of 
evidence suggesting that the mother controls the 
sex-ratio in her offspring by regulating the propor- 
tion of embryos in which such inactivation occurs 
[2,5,6]. Several authors have suggested that 
cytosine methylation could be the molecular basis 
of imprinting and subsequent inactivation of 
chromosomes [7-91. Genes located in active and 
inactive chromosomes how significantly different 
levels of methylation [lo, Ill. Recent studies on 
transgenic mice [12] have provided compelling 
evidence that DNA methylation is a basis for 
genomic imprinting. Thus differential methylation 
of DNA sequences may provide a molecular basis 
for the observed non-equivalence of parental con- 
tributions in embryonic development [13-151. 
If methylation is related to imprinting and inac- 
tivation of chromosomes in mealybugs, a signifi- 
cant difference in the level of genomic methylation 
between the two sexes may be expected. In a study 
of Planococcus lilacinus, Deobagkar et al. [ 161 did 
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not observe significant differences between male 
and female DNAs in the levels of methylation. 
However, sex-specific differences in methylation 
levels have been observed in a related species, 
Planococcus calceolariae [17]. Even when the 
levels of DNA methylation are similar between the 
two sexes, there may be differences in the se- 
quences methylated. This, in turn, may be due to 
sex-specific differences in the levels and sequence- 
specificity of DNA methyltransferase. We report 
here results suggesting a modulation in sequence 
specificity of DNA methyltransferase at different 
developmental stages in a mealybug, Planococcus 
lilacinus. 
2. MATERIALS AND METHODS 
Stock cultures of mealybugs were obtained from the Hor- 
ticultural Research Station, Coorg, Karnataka, India. Cultures 
of a mealybug provisionally identified as PIanococcus lilucinus 
(cockerell) were isolated from mass cultures and maintained on 
pumpkins at room temperature. DNA was extracted from 
gravid females according to previously published procedures 
1161. 
E. coli cultures (dcm-,dam-) were obtained from Dr V. 
Nagaraja and DNA was isolated from them as well as from E. 
coli B following the procedure of Marmur [18]. Calf thymus 
DNA, ribonuclease and protease were purchased from Sigma 
Chemical Company, St. Louis, USA. The other reagents used 
were of analytical grade. The synthetic polymers poly(dI- 
dC) * poly(dI-dC), poly(dA-dC) . poly(dT-dG) and poly(dG- 
dC) . poly(dG-dC) were from Pharmacia Chemical Company. 
S-Adenosyl methyl L-[14C]methionine was a gift from Dr C. Vi- 
jayasarathy. Specific activity of the sample was 62 &i/Fmol. 
2.1. Preparation of DNA methyltransferase from mealbugs 
Enzyme extraction was carried out following the procedure 
of Simon et al. [19]. The enzyme was partially purified from 
male and female mealybugs at different developmental stages 
through an extraction with 0.8 M KC1 followed by DEAE- 
cellulose chromatography. After DEAE-cellulose chroma- 
tography, the enzyme was dialysed against 10 mM Tris-HCl, 
pH 7.8, 2 mM EDTA, 1 mM DTT, 20% glycerol and 1 mM 
PMSF for 3 h, aliquoted and stored at -70°C. 
2.2. DNA methyltransferase assay 
The enzyme assay was also performed according to the pro- 
cedures of Simon et al. [19]. 48 PM S-adenosyl [‘4C]methionine 
was used in each assay. The reaction was monitored by the 
method of Parnaik et al. [20]. Non-specific and endogenous 
methylation was monitored by a control reaction without 
substrate DNA. 
3. RESULTS AND DISCUSSION 
Unlike DNA of many other insect species 
[21,22], P. lilacinus DNA contains significant 
amounts of 5mC [16]. To determine the levels of 
DNA methyltransferase activity maintained at dif- 
ferent stages of development, the enzyme was par- 
tially purified from male and female insects 
starting from second instar upto adulthood. 
Undermethylated DNAs from various sources 
were used as substrates. As indicated in table 1, 
there was no enzyme activity detectable from 
second instar females with any of the substrates 
used, whereas significant enzyme activity was ob- 
served in third instar females, adults, and at all 
stages inbetween. Since E. coli B lacks 5mC in its 
DNA, this DNA was used as one of the substrates. 
Male insects showed detectable levels of methylase 
from second instar onwards. These results sug- 
gested possible stage-specific and sex-specific dif- 
ferences in the levels of DNA methylase. 
To understand these differences, reciprocal 
assays were carried out. Enzymes from different 
instars of the two sexes were presented with DNA 
from the same developmental stage ‘homologous’ 
as well as from other stages ‘heterologous’. The 
same amount (12 pg) of DNA was used in all the 
assays. As shown in table 2, no activity was 
detected in assays where both the enzyme and the 
substrate DNA were from male insects irrespective 
of stage of development. But the enzyme extracted 
from males methylated DNA differed from 
females to a significant extent (0.4-0.6 pmol//cg 
protein per h). The low level of methylation ob- 
tained in homologous assays with enzyme from 
both males and females may be due to non-specific 
methylation in vitro. The enzyme from females ex- 
hibited poor activity with both heterologous as 
well as homologous substrates. These results in- 
dicated that there may be sites in the DNA of the 
female which are undermethylated in vivo but are 
recognised and methylated by the enzyme from 
male insects, indicating a possible difference in the 
site of methylation in the two sexes. 
If DNA sequences methylated in the two sexes 
are different, it may be possible to detect such dif- 
ferences using synthetic polynucleotides. Three 
polynucleotides containing alternating purine- 
pyrimidines, representing the dinucleotides CpG, 
CpA and CpI were chosen. Poly(dI-dC) - poly(dI- 
dC) does not represent a naturally occurring 
dinucleotide, but it has been observed that some 
conformational feature renders this polymer a bet- 
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Table 1 Table 2 
Methylation of natural substrates Reciprocal assays 
Source of enzyme Specific activity 
dcm- dam- E. coli B Calf 
E. coli thymus 
II instar males 0.25 - 0.19 
II & IV instar males 0.55 0.48 0.28 
V instar males 0.76 0.75 0.54 
II instar females No detectable activity 
III instar females 0.80 0.75 0.53 
IV instaf females 0.81 0.79 0.28 
&avid females 0.79 0.73 0.19 
Undermethylated DNAs (12pg) from different sources were 
used as substrates for the partially purified enzyme isolated 
from insects in various stages of development. 1 /cg of protein 
was used in all assays. Specific activity is expressed as pmol/pg 
protein per h. The values are normalised (to) per fig DNA 
Source of enzyme Specific activity with DNA from 
different instars 
II&IV v IV Gravid 
instar instar instar females 
males males females 
III & IV instar males 0 0 0.48 0.62 
V instar males 0 0.16 0.42 0.65 
IV instar females 0.19 0 0.10 0 
Assays were carried out using the enzyme from female and male 
mealybugs with homologous and heterologous substrates. 
Details are given in the text 
ter substrate than poly(dG-dC) . poly(dC-dC) in in 
vitro reactions 1231. Methylation of the three 
polymers mentioned above was carried out using 
enzyme samples isolated from different instars of 
both sexes. It is to be noted that only de novo 
methylation is measured using these polymers. 
Fig. 1 depicts a comparison of methylation of CpG 
and CpA sequences by enzymes from males and 
females at various stages of development. It can be 
seen that the preference for the two polymers dif- 
fers from stage to stage in both males and females. 
The more preferred substrate for enzyme from 
young males is poly(dA-dC) - poly(dT-dG) whereas 
poly(dG-dC) - poly(dG-dC) is the preferred sub- 
strate for the enzyme from females. The enzyme 
from both males and females shows significant 
methylation of the polymer poly(dA-dC) . poly(dT- 
dG). It is widely accepted that CpG dinucleotide is 
the only site for methylation in animal cell DNA 
[24]. For example enzyme from rat liver did not 
show any activity with poly(dA-dC) . poly(dT-dG) 
[19]. However, 5mC has been found in dinucleo- 
tides other than CpG in DNA from plant sources 
[25]. Detection of methylating activity with 
poly(dA-dC) - poly(dT-dG) in enzyme from 
mealybugs correlates with the reported presence of 
5mC in sequences other than CpG in mealybug 
genomic DNA [ 161. Ele~trophoretically pure DNA 
methylase prepared from adult females can 
methylate poly(dA-dC) - poly(dT-dG) as well as 
poly(dG-dC).poly(dG-do). This suggests that the 
same enzyme may mediate both CpG and CpA 
methylation. However in most of our experiments 
a partially purified preparation of DNA methylase 
was used and therefore the presence of more than 
one DNA methylase cannot be ruled out. 
Time kinetics was carried out also with poly(dI- 
dC) .poly(dI-dC). Fig.2 summarises the sequence 
preference of enzymes from various developmental 
stages for different polymers normalized to the 
methylation of CpG sequences. It may be noted 
that CpA methylation observed with the enzyme 
from young males (III and IV instar) is comparable 
to that seen with the enzyme from III instar 
females. However, CpA methylation with enzyme 
from early IV instar females reaches significantly 
high levels when compared to CpG methylation by 
the same enzyme. 
A correlation of the above results with the 
development of mealybug is shown in fig.3. There 
are five instars identified in males and four in 
females. The two sexes can be distinguished mor- 
phologically from the second instar onwards. 
Gametogenesis tarts at third instar in both sexes 
and fertilization occurs during the IV instar stage 
in females. This means that the control of sex ratio 
through imprinting and inactivation of paternal 
chromosomes should manifest itself during fer- 
tilization; that is, in late third and early fourth in- 
star females. If DNA methylation is involved in 
chromosome imprinting, significant levels of de 
novo methylation would be expected to occur at 
these stages. The absence of detectable methylase 
activity in vitro in second instar females could be 
due either to the enzyme per se or to the presence 
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Fig.1. Stage-specific sequence preference. Methylation of synthetic polymers by enzymes from various developmental stages. a, 
poly(dA-dC) . poly(dT-dG); b, poly(dG-dC) . poly(dG-dC). Activity is expressed as pmol [‘4C]methyl group incorporated per pg of 
polymer. Same amount of protein (1 rg) was used in both the assays. 
of inhibitors. In either case, it suggests a very low 
level of DNA methylation at this stage. However, 
high levels of activity appear in the third instar and 
are maintained during fourth instar, when fer- 
tilization takes place. It may therefore be signifi- 
cant that the rate of methylation also increases at 
this stage. However, if the relationship between 
DNA methylation and chromosome imprinting is 
valid for mealybugs, male insects would be ex- 
pected to have high levels of maintenance methyl- 
ase throughout development because most of their 
nuclei contain a genetically inactive chromosome 
Fig.2. Methylation by enzyme isolated from different instars. 
Percent activity obtained with polymers containing CpA and 
CpI which was normalised to values obtained with polymer 
containing CpCi is represented. The activity in the linear range 
of the reaction is taken. X axis, different polymers; Y axis, 
II 111 Early Adult 
IV 
Fig.3. Correlation between developmental stage and level of 
DNA methyltransferase. X axis, developmental stages; Y axis, 
specific activity in pmol//g protein per h. (a) Poly(dA- 
dC) . poly(dT-dG); (b) poly(dG-dC) . poly(dG-dC). (c-o) 
percent activity. Female, (ti) male. 
set. The preference for CpA methylation at certain 
stages suggests the importance of methylation at 
sites other than CpG dinucleotides. 
In general, de novo methylation is characteristic 
of early embryonic stages and a high level of en- 
zyme is detected in embryonic cells [26]. Adams et 
al. [27] have shown that in Xenopus laevis there is 
a rapid rise in nuclear methylase levels soon after 
fertilization. Methylase levels at various stages in 
2 
0 
Fertilization 
(b) 
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the life cycle have been studied in Chlamydomonas 
[28]. An increase in methylase levels in gametes 
and zygotes has been detected and this correlates 
with the increased methylation that occurs speci- 
fically in female chloroplast DNA contained in 
gametes and zygotes. When these results are view- 
ed in the light of the appearance of high levels of 
mealybug DNA methyltransferase activity during 
the third and fourth instars, the observed correla- 
tion between increased enzyme activity and the 
time of occurrence of imprinting and inactivation 
appears significant. It is of course premature to say 
whether the two are causally related. 
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